greatest; 4, 5, and 6 include other urban manual workers; and 7 and 8 include the upper social classes and the rural workers. Elsewhere we have shown23 that cancer of the scrotum has not been found at all among sixteen of the highest classes of professional workers, and it is infrequent in the agricultural occupations.
The total cases of cancer of the scrotum in England and Wales in the years 1911-1920* were allotted to these eight groups, and the average age at death was reckoned, with the following results (table 1). The table includes some of the death rates from cancer of the scrotum, based upon the population for 191 1, calculated by Dr.
Stevenson of the General Register Office.36 Table 1 shows that the enormously increased liability of chimney-sweeps to cancer of the scrotum (the annual death rate per million from cancer of the scrotum in chimney-sweeps is 534, as against 4 .1 in all males and 1.5 in agricultural labourers) is accompanied -by a very small difference in the mean age at death (59.7 years in chimney-sweeps as against 62 years in the upper social and * Copies of the death certificates were supplied by the Registrar-General to the Senior Medical Inspector of Factories to whom we are indebted for access to this material. agricultural classes). In the cotton mule-spinners there is a more distinct difference (mean age, 56 years). Table 2 shows the ages, in quinquennial periods, at death from cancer of the scrotum in (a) chimney-sweeps, (b) cotton mule-spinners, and (tc) the whole population, including (a) and (b), in England and Wales. The data for (a) and (b) are taken from the paper by Henry18 based upon material supplied to the Senior Medical Inspector of Factories by the Registrar-General, and those for (c) are taken from the annual publications (Statistical Reviews) of the Registrar-General. In the case of (a) and (b) the records are those of the individual cases and hence the average age at death can be reckoned; for (c) the ages are available only in decennial and quinquennial groups, and hence no average can 'be stated. The data in table 2 are shown in graphic form in Figs. 1 and 2. The greatest number of deaths from cancer of the scrotum occurs in the same quinquennial age-period, namely 60-65, both in chimneysweeps and in the general population. Hence these data, and those in table 1, show that the immense increase in incidence of cancer of the scrotum in sweeps, in comparison with the general population, is not accompanied by any distinct shift of either the mean or the mode of the ages at death. In cotton mule-spinners, on the other hand, the mean age at death is earlier (tables 1 and 2) and the mode (Fig. 2) The early age at which cancer of the scrotum occurred in sweeps a century or more ago was no doubt due in part to the younger age* of chimney-sweeps at that time, but obviously this does not account for the extreme shortness of the incubation periods in some of the cases described by Pott and other surgeons. The most probable explanation of these would seem to be that there was then a degree of bodily uncleanliness which is now unknown, and hence a persistent and intense action of the carcinogenic agent.
Cancer of the skin ITable 3 and Fig. 3 contain data for cancer of the skin in chimneysweeps, cotton mule-spinners, and in the general population, corresponding to those for cancer of the scrotum in table 2 and Figs. 1 and 2, and from the same sources. In cotton mule-spinners the mean (62.0) and the mode (65-70) of the ages at death are from 5 to 7 years earlier than in chimney-sweeps (68.6, 70-75), while in the sweeps the mode is in the same 5-year period as in the general population. Thus, the data for cancer of the skin confirm those for cancer of the scrotum in suggesting that mule-spinners are exposed to a stronger carcinogenic factor than are chimney-sweeps.
Cancers of the lung of Schneeberg, Jadchymov, and Griesheim [1929] [1930] , and cancer of the lung, including one pleural cancer, was found in 9 of these (table 4 and Fig. 4 ). [1933] [1934] [1935] [1936] [1937] there were 39 deaths among the active and retired miners, and of these deaths 15 were due to cancer of the lung. Unfortunately, the records of this later period have been published by Sikl38 only in a very abbreviated form without any data for individual cases; he gives merely a summary, in decennial groups, for the two periods together, as follows (table 5) . Henoe, the data given by Pirchan and Sikl, Sikl, and by Peller enable one to say that 24 out of 58 deaths in 7 years in a group of 400 to 500 male workers were due to cancer of the lung. 3 . Griesheim: Alwens, Bauke, and Jonas' and Alwens and Jonas2 record 13 cases of cancer of the lung among workers at a chro-mate factory aft Griesheim, and these data provide an interesting comparison with those from Jachymov (table 7 and Fig. 4 ). Unfortunately the authors give no statement of the number of workers at risk, but various indications in the papers suggest that the staff of this plant, which closed down in 1931, was not large. The average age at death from cancer of the lung (60) is from 8 to 12 years more than that at Schneeberg (51.8) or at Jachymov (48). This provides another instance of the fact that a very high incidence of induced cancer is compatible with a mean age at death not less than that found in cases of the same form of cancer in the general population. The mean period of exposure at Griesheim (34.5 years) is twice that at Jachymov (16.8 years When these data from the Jachymov miners and the Griesheim chromate* workers are set down in graphic form in asoending order * "Chromate workers" is used here as a label, which does not signify that chromate was certainly the active agent. From the present point of view, all that matters is that these men were exposed to conditions which produced a high incidence of cancer of the lung. of age at death, an interesting picture is produced (Fig. 4) These da-ta from Schneeberg, J'achymov, and Griesheim may be compared (Fig. 5) Fig. 7 ). The 20 cancers appearing in the males were all si-tuated in the stomach or intestine, while of the 23 cancers in the females 15 were adenocarcinomas of the endometrium showing no sign of origin from the cervix. and 64) within the usual "cancer age," and about 20 years later than the average age of the subjects bearing the familial cancers of the alimentary tract and endometrium).
Carcinoma of the endometrium
Purdie85 describes the case of two sisters, aged 32 and 34, upon each of whom total hysterectomy was performed for endometrial carcinoma, while a third sister underwent hysterectomy "for a benign condition." Their mother died of carcinoma of the rectum at 68, i.e., at an age somewhat later than the mean for this form of cancer in women. Purdie remarks, of cancer of the endometrium, that "it is surprising how many observers find the average age within the narrow limits of 56 to 58 years" (Cf. table 10).
Xeroderma pigmentosum Cockayne3 condudes, from an exhaustive review of the literature relating to the genetic aspects of this disease, that it "agrees in all respects with a simple recessive character due to a single gene." The ages at death (average 12.5 years) in 18 cases of xeroderma pigmentosum with epithelioma are shown in Fig. 3 .* Admittedly one cannot say that epithelioma was the actual cause of death in all these cases of xeroderma, but then the actual cause of death is often not clear in cases of the ordinary forms of cancer. In Fig. 3 and  table 3 are shown the ages at death from cancer of the skin in (a) the general male population (mode 70-75), (b) cotton mule-spinners (mode 65-70, mean 68.6), and (c) in cases of xeroderma pigmentosum (mean 12.5). Comparison of these three sets of data shows that unknown genetic factors, as in xeroderma, are enormously more powerful even than prolonged exposure to known carcinogenic agents, as in mule-spinners, in inducing cancer at an early age.
Families shoeing a high incidence of cancer of the breast Wood and Darling43 record a family in which one generation consisted of three sisters, all of whom developed cancer of the breast as follows. A niece of the maternal grandmother of the three sisters died at 40 of bilateral carcinoma of the breasts. As in the Family "G" of Warthin, other forms of cancer did not occur at an especially early age. Thus a maternal aunt of the sisters died of carcinoma of the cervix at 68, and a maternal uncle died with carcinoma of the colon and a basal-cell carcinoma of the face at 75.
Handley"6 records a family of S sisters, of whom 4 underwent 7 operations for carcinoma, or incipient carcinoma, of the breast at an average age of 49 (range 37 to 62 years). Their mother died at 69 of "cancer of the liver" and her mother at 37 of abdominal cancer, probably gastric (table 12) . These two families provide an interesting contrast with respect to the age at which cancer developed. The mean age at the five operations on the three sisters in the first family (Wood and Darling) is 34.2, which is very early, while the mean age at the seven operations in the second family (Handley) is 49, which is not unusual. Lane-Claypon2" gives data for 508 patients at 9 hospitals in London and Glasgow (table 13). Hence the second of these families shows that a high family incidence is not necessarily assocated with an early development of cancer. Discussion
The changes which take place during the incubation period of cancer are unknown, and the nature of these changes constitutes one of the chief problems of cancer research. The data presented above, showing that the. enormously increased incdence of cancer of the scrotum in sweeps is not accompanied by any shift to an earlier mean or modal age at death, gave a result which we did not expect. Later, a similar instance was found in the cancer of the lung of the Griesheim chromate workers. The incubation period can, however, be shortened; in the case of cancer of the scrotum there seem to be all gradations from the slightly earlier age in mule-spinners, through the incidence in middle life recorded by the surgeons of a century ago, to the occurrence of the disease in youth which accompanied the intensive exposure of children to soot in the time of Pott. The J'achymov miners seem to show one stage of a similar gradation in the case of cancer of the lung. This shortening of the incubation period is no doubt due to increase of the stimulus, but this is only an assumption because one cannot measure the stimulus in man as one can in experiments upon animals.
The genetically conditioned forms of cancer may not all be of the same nature; one does not know whether they all depend upon susceptibility to agents to which everyone is exposed, or whether some more direct carcinogenic action is concerned. Xeroderma pigmentosum is clearly due to an abnormal susceptibility, since the lesions occur on the parts exposed to light. The same possibility, of intrinsic sensitivity to an extrinsic factor, must be considered in the question of the racial distribution of primary cancer of the liver. 24 In relation to the two characters of (1) early occurrence, and (2) familial distribution, forms of cancer might be classified in the following groups.
( 1) Cancers which in rare instances occur early in life, but in which no familial incidence has been observed, e.g., cancer of the lip.
(2) Cancers of which many cases occur in one family, but not at an abnormally early age as in the family recorded by Handley (table 12) and perhaps some forms of polyposis intestini. Here one must perhaps consider the possibility of "chance," as in the case of "cancer houses." (3) Cancers which in some families occur at an especially early age, while they occur much more commonly at a later age without any familial incidence. Several instances of these conditions have been given above. And within this group there is an interesting difference between (a) those forms in which the cancer follows upon a peculiar antecedent pathological condition (epithelioma following pigmentation and photo-sensitivity in xeroderma pigmentosum; cancer of the colon following multiple polyposis) and (b) those in which there seems to be nothing peculiar about the cancers except their early occurrence (families recorded by Warthin, Wood and Darling, and Purdie).
(4) Cancer which occurs in rare familial and less rare "sporadic" forms but always at an early age. The example of this class is retinoblastoma, which "is a highly malignant neoplasm of the eyes of infants and young children which may be present at birth, is most frequently recognized during the first and second years of life, seldom appears after the sixth year and has never been known to originate in adult life" (VWTeller42). Griffith One looks forward to the time when the study of genetics may join with that of the chemistry of the nucleic acids in explaining, for instance, why in certain families the epithelium of the large intestine produces at an early age abundant new growths of which some become malignant. Even at the present time this matter might not be wholly beyond the range of cytological enquiry. But there are simpler examinations that might be made in some of these conditions if material were available, such as the search for carcinogenic factors in bile and intestinal contents, and the estimation and identification of steroids and pituitary hormones. These conditions are all rare, and hence it is very important that any cases should be accessible to laboratory investigation.
Summary
Some data have been collected upon the relattion between (a) the total incidence and (b) the incubation period of cancer in man. A more intense stimulus is required to shorten (b) than is necessary to increase (a), and (b) seems to be especially under the influence of genetic factors. Thus, the mean age at death from cancer of the scrotum is almost the same in chimney-sweeps as it is in the general population, although the lia;bility to this disease among sweeps is enormously greater than it is in most other occupations. Even the extremely high incidence of lung cancer among the workers at Griesheim is not accompanied by any early age at which death from this disease occurs. On the other hand, some forms of cancer in which a familial factor is concerned (cancer of the colon and rectum in families showing polyposis intestini, the cancers of the gastro-intestinal tract and endometrium in the family "G" of Warthin, some cases of cancer of the breast, xeroderma pigmentosum) lead to death at an age which is, on the average, much earlier than that seen in subjects of similar forms of cancer in the general population, while in these families cancer of other organs occurs at the usual "cancer age."
